Due to the combined high volumetric and gravimetric hydrogen densities, light-metal complex hydrides have been widely investigated for solid-state hydrogen storage. [1] [2] [3] Among them, magnesium borohydride Mg(BH 4 ) 2 with a hydrogen density of 14.9 wt% is currently one of the most discussed light metal 15 complex hydrides. [4] [5] [6] [7] [8] [9] [10] [11] In the overall decomposition reaction, Mg(BH 4 ) 2 exhibits an enthalpy change of -39 kJ/mol H 2 enabling hydrogen desorption to occur already at around room temperature.
In order to develop a reversible storage system toward the 20 practical applications, the hydrogen desorption pathway and the key intermediates involved need to be known. Many efforts have been raised to identify the reaction intermediates during the decomposition process of Mg(BH 4 ) 2 . 5 -and closo-species in the aqueous solutions (Fig. 2) clusters during the decomposition of LiBH 4 has also been discussed. 25 To further confirm the polymerization occurring during the hydrogen desorption process, the evolution of B-H species in a hydrogen sorption cycle was investigated. Thereby the sample (Mg(BH 4 ) 2 decomposed at 265°C for 20 h) was 65 exposed to 160 bar H 2 at 265°C (1 st re-absorption) and thereafter decomposed at 265°C (2 nd desorption). As shown in Fig. 3 (Fig. 3c) Probably due to the formation of the polymeric product, the 11 B 5 MAS NMR spectra of the decomposition products (Fig. S4 , †ESI) at 265 to 300°C only showed broad resonances and thereby did not allow the precise phase identification. The observed two major resonances, between -30 to -60 ppm and 0 to -30 ppm, respectively, did not match with any of the reference samples.
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When the decomposition temperature was increased 400°C, a broad resonance centered at around 0 ppm together with the resonance at 96.3 ppm assigned to MgB 2 (Fig. S5,  †ESI) were observed. The 11 B CP-MAS NMR spectrum showed a resonance at -8.2 ppm, assigned to the residual of B-H species. Thereby the 15 11 B MAS NMR spectrum was de-convoluted into three individual phases, i.e., MgB 2 at 96.3 ppm, B at 1.2 ppm and the B-H species at -8.2 ppm. Approximately 63 % of the boron atoms are found as amorphous B and 30% as MgB 2 . Only 7 % of the boron atoms are bound to the B-H species. This observation indicated that the 20 MgB x H y polymer acts as a precursor to form amorphous B which finally converts to MgB 2 . MgB 2 was identified as the only solid product at 500°C (Fig. S6,  †ESI 
